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Imagine Anatomy of Black Holes Poster Image	


This is the version has been edited from the that was presented at NSTA, 
March 2002 version.	


Updated in Aug 2003 with note for “Groovy X-ray Binary Model” (slide 20) 
giving the web site address. 	


	


This version was uploaded to Imagine site on 8/28/03	
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Image from http://oposite.stsci.edu/pubinfo/PR/2000/37/pr-photos.html	


This ring is 260 light-years in diameter.	



http://oposite.stsci.edu/pubinfo/PR/2000/37/pr-photos.html
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From http://oposite.stsci.edu/pubinfo/PR/2001/03/	



http://oposite.stsci.edu/pubinfo/PR/2001/03/
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VLA image from http://www.aoc.nrao.edu/intro/vlapix/vlaviews.index.html	



http://www.aoc.nrao.edu/intro/vlapix/vlaviews.index.html
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Optical image from http://www.noao.edu/image_gallery/html/im0090.html	


	


Composite VLA, HST, VLBA from http://oposite.stsci.edu/pubinfo/PR/
1999/43/index.html	



http://www.noao.edu/image_gallery/html/im0090.html
http://oposite.stsci.edu/pubinfo/PR/
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Illustration from http://www.aoc.nrao.edu/pr/m87.collimation.html	



http://www.aoc.nrao.edu/pr/m87.collimation.html
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In stellar size black hole systems, accretion disks maybe between 6.6 x 10^8 m 
and 4.2 x 10^10 m in radius.  This is ranges from the radius of the sun to 75% 
of the radius of the orbit of Mercury.  	


	


We don’t really know the sizes of disks around supermassive black holes in 
the centers of galaxies.  This is primarily because there are no natural size 
scales in the system to determine the size of the disk, and because we don’t 
know precisely where the material is coming from that feeds the black hole.  
From the spectra, we infer sizes of 500-1,000 Schwarzschild Radii (~ 3 x 
10^14 cm - CHECK ME).  If HST images of disks in the centers of AGN 
represent the outer edges of the disks, then the disks are 22-33 light-years in 
radius.	
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1 Cal = 4.184 J, 1 J = 10^7 erg  10^38 erg = 10^31 J = 2.4 x 10^30 Cal	


The “Calories” are kcal, the same as used on food labels.	


10^38 erg/s is 100,000 x more than luminosity of the sun.	
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The instructions for constructing the model are available at 	


http://heasarc.gsfc.nasa.gov/docs/xte/outreach/HEG/bhm/
bhm_intro.html 

http://heasarc.gsfc.nasa.gov/docs/xte/outreach/HEG/bhm/
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This slide is after introducing and discussing the x-ray binary model. 	
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See http://universe.gsfc.nasa.gov/press/cw01_10.html	


In GRO J1655-40, the 450 Hz (2.2 ms) oscillation implies an innermost stable 
orbit with max radius of 30 miles (48 km).	


If it were not spinning, the innermost stable orbit would have a radius of 40 
miles ( 64 km)	



http://universe.gsfc.nasa.gov/press/cw01_10.html
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Precession is motion of the orbit.  We can think of this as the motion of spacd-
time causing the orbit to rotate.  Hence we’ve got precession.	
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Cen A - http://chandra.harvard.edu/photo/cycle1/0157blue/index.html  There’s 
also a good optical image of the galaxy on linked pages.  Radio emission is 
from the jet.  The X-ray jet is more uneven than suspected.  The point sources 
are mostly X-ray binaries, with a few supernova remnants as well.  Diffuse X-
ray glow diffuse produced by several-million-degree gas that fills the galaxy. 	


	


Other jets show hot spots at end of jet, where material is running into 
intergalactic gas.  E.g. Pictor A, See http://chandra.harvard.edu/photo/cycle1/
pictor/index.html	


	


In 3C373, we see a continuous X-ray emission from the central quasar out to 
the jet.  See http://chandra.harvard.edu/photo/cycle1/0131/index.html	


	


These jets also occur for stellar black holes. 	



http://chandra.harvard.edu/photo/cycle1/0157blue/index.html
http://chandra.harvard.edu/photo/cycle1/
http://chandra.harvard.edu/photo/cycle1/0131/index.html


25	



See http://chandra.harvard.edu/press/00_releases/press_091200.html	


Illustration from http://universe.gsfc.nasa.gov/press/cw01_12.html, which 
describes Kim Weavers result that many of these mid-mass black holes are 
found in starburst galaxies. “Starburst galaxies are known for their brightness 
caused by a high concentration of young, massive stars and supernova 
explosions. The bulk of a starburst galaxy's luminosity is from outside of the 
core region.” “Weaver is finding that starbursts may evolve into AGN. Gas 
expelled from numerous star explosions may collide and collapse into 
intermediate-size black holes. These smaller black holes may sink to the center 
of the galaxy to form a single supermassive black hole. The supermassive 
black hole, in turn, would grow larger and release fantastic amounts of energy 
as it pulls in more and more gas from the galaxy core. This would then turn the 
light source of the galaxy "inside out," making the core bright instead of the 
disk.”  Illustration is of NGC 253, which has 10 such objects, with 3 within 
3,000 light years of the center.	


	


Starburst galaxies are undergoing rapid star formation in a short (40-150 
million year) time span.	



http://chandra.harvard.edu/press/00_releases/press_091200.html
http://universe.gsfc.nasa.gov/press/cw01_12.html
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In gamma rays, we observe two different type of phenomena which we think 
are coming from the same type of object.  We’re looking at jets from active 
galaxies. From different perspectives.	
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The data are taken from a talk given by Karl Gebhardt at the Institute for Theoretical 
Physics at UCSB in February, 2002.  See NSTA version of this talk for the table of 
values. 
The mass of the central SMBH was measured independently, and is given in units of 
millions of solar masses. The velocity dispersion is given in units of kilometers/second. 
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